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(54) Thermal therapy apparatus 

(57) In a themnal therapy apparatus for treating a ' 
vital tissue by irradiating the tissue with a laser beam, a 
display unit displays a figure indicating the shape of a 
diseased part to be heated on the basis of infonnation 
concerning the diseased part. Heating regions are 
arranged in the displayed figure indicating the diseased 
part shape by using Identifiers corresponding to individ- 
ual heating conditions. In accordance with size/position 
information of these heating regions arranged, heating 



conditions such as the laser intensity laser irradiation 
time and laser irradiation angle are set Laser beam irra- 
diation is perfonned by controlling the irradiation in 
accordance with the set heating conditions. The infor- 
mation pertaining to the diseased part can also be input 
on the basis of an ultrasonic signal from an ultrasonic 
probe separated from or installed in the laser irradiation 
portion. 



FIG. 1 



OISPUY 
IMT 



-7 



1 4-v SUPKY h CPU i 

V 'as 



Q. 

LU 



Printed by Xoigk (UK) Business Setvtees 
2.16.7 (HnS}A3.6 



BNSOOCID: <EP 10758S3A2J_> 



1 EP1 ( 

Description 

FiELD OF THE INVENTION 

[0001] The present invention relates to a thermal 
therapy apparatus which is placed by insert ion or cen- 
tesis in a body cavity or tract such as a blood vessel, 
digestive tract, urinary tract, abdominal cavity, or tho- 
racic cavity, and performs thermal therapy by energy 
irradiation by using, e.g.. a laser beam, microwave, 
radio frequency, or ultrasonic wave. 

BACKGROUND OF THE INVENTION 

[0002] A thermal therapy apparatus is known which 
uses a long insertion portion to be inserted into a 
human body by using a body cavity or performing small 
incision on the human body. This insertion portion irra- 
diates a lesion portion of the human body with, e.g., a 
laser beam to extinguish a tissue of this morbid by heat- 
ing, degeneration, necrosis, coagulation, cauterization, 
or vaporization, thereby heating and treating the lesion 
portion. Generally, this thermal therapy apparatus irradi- 
ates a lesion portion in a surface layer or its vicinity of a 
vital tissue directly with a laser beam. 
[0003] Another technique is also known which irra- 
diates a deep portion of a vital tissue with energy to 
treat a lesion portion positioned deep in a vital tissue, 
i.e., to treat a deep lesion portion, such as in thermal 
therapy of a prostate. International Patent Lald-Open 
No. 6-510450 has disclosed a technique to provide a 
method of coagulaating and reducing a partial tissue of 
a tumor or prostate by laser irradiation. This technique 
does not heat the surface of a urethra in contact with a 
balloon by injecting a coolant into the balloon, but heats 
only an internal prostate. 

[0004] Thermal therapy apparatuses described 
above are classified into apparatuses whose therapeu- 
tic conditions are fixed and unchangeable and appara- 
tuses whose therapeutic conditions can be 
appropriately set Regardless of the type of thermal 
therapy apparatus for performing thermal therapy, the 
general approach is to perform image diagnosis on a 
tissue containing a lesion portion to be thermally treated 
or on peripheral tissues of the lesion portion, prior to 
determining whether the thermal therapy is to be per- 
formed. That is, the shape of a tissue containing a 
lesion portion to be thermally treated, the positional 
relationship with peripheral tissues, the shape of the 
lesion portion, and the seriousness of the lesion portion 
are diagnosed. These diagnoses are done by using a 
separate image diagnosis dedicated apparatus not 
included in a themnal therapy apparatus or a themrial 
therapy apparatus capable of performing both image 
diagnoses using an endoscope or an ultrasonic wave 
and thermal therapy. 

[0005] On the basis of the results of such image 
diagnoses in addition to the experience of an operator, 
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therapeutic conditions such as the intensity (output) of 
energy, e.g., a laser beam, microwave, radio frequency, 
or ultrasonic wave, the irradiation time, the irradiation 
direction, the irradiation position, the number of times of 
5 irradiation, the coolant temperature when a coolant is 
used, and the coolant flow rate when the coolant Is cir- 
culated are individually set 

[0006] The heating conditions of such a thermal 
therapy apparatus are set on the basis of the knowledge 

10 and experience of an operator Hence, it is difficult to 
know what size of a heating range Is obtained by setting 
the individual therapeutk: conditions to what degrees. 
This means that the larger the number of set items of 
therapeutic conditions, the more difficult it becomes to 

15 know the heating range obtained. Therefore, wrong 
therapeutic conditions may be set if an operator deter- 
mines the therapeutic conditions. If wrong therapeutic 
conditions are set. the heating energy may become 
excessive or the heating position may deviate to give 

20 damage to normal tissues around a lesion portion. 
Alternatively, the heating energy may become too insuf- 
ficient to obtain a satisfactory therapeutic effect. 
[0007] Also, in a medical heating apparatus for per- 
forming thermal therapy on a human body by using a 

25 laser beam or the like, the irradiation direction and posi- 
tion of the laser beam and the number of times of irradi- 
ation are set on the basis of the knowledge, experience, 
and skill of an operator. This may lead to duplicate the 
heating portion or heat the non-heating portion. 

30 [0008] Furthermore, in a conventional thermal ther- 
apy apparatus, an operator must understand image 
diagnostic information, set therapeutic conditions, and 
input the set conditions to the thenmai therapy appara- 
tus. Since this input work is cumbersome, not only the 

35 time necessary for preparations of thermal therapy 
increases, but also wrong therapeutic conditions may 
be set Consequently, the heating energy may become 
excessive to give damage to normal tissues around a 
lesion portion or may become too insuffk:ient to obtain a 

40 satisfactory therapeutic effect. 

[0009] Moreover, diverse diagnostic data of individ- 
ual patients are rarely mistaken to set wrong therapeutic 
conditions. 

45 SUMMARY OF THE INVENTION 

[0010] The present invention has been made in 
consideration of the above prior art, and has as its 
object to provide a thermal therapy apparatus capable 

50 of performing energy irradiation by easily setting a 
region to be heated by the energy irradiatk>n on the 
basis of the shape of a diseased part 
[001 1 ] It is another object of the present invention to 
provide a thermal therapy apparatus capable of per- 

55 fomiing thermal therapy by automatically setting ther- 
mal therapeutic conditions of a diseased part on the 
basis of shape data of the diseased part and performing 
energy irradiation by controlling the irradiation angle of 
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the energy, the number of times of irradiation, and the 
like in accordance with the set thermal therapeutic con- 
ditions. 

[0012] It is still another object of the present inven- 
tion to provide a thermal therapy apparatus capable of 
performing thermal therapy by energy irradiation by 
easily setting a heating region by fitting an identifier cor- 
responding to a heating range and heating conditions 
into a displayed sectional shape. 
[0013] It is still another object of the present Inven- 
tion to provide a medical heating apparatus capable of 
reducing the load on an operator required for prepara- 
tions of thermal therapy and setting therapeutic condi- 
tions corresponding to the shape of a diseased part of a 
patient. 

[0014] It is still another object of the present inven- 
tion to provide a medical heating apparatus capable of 
directly acquiring information concerning the shape of a 
vital tissue to be thermally treated and performing the 
thermal therapy by automatically setting therapeutic 
conditions matching the acquired information. 
[001 5] To achieve the above objects, a thermal ther- 
apy apparatus of the present invention has the following 
arrangement. 

[0016] A thenmai therapy apparatus for treating a 
vital tissue by irradiating the tissue with energy, com- 
prises display means for displaying a figure indicating 
the shape of a diseased part to be heated on the basis 
of information concerning the diseased part, operating 
means for arranging a heating region in the figure indi- 
cating the diseased part shape displayed on the display 
means, and control means for controlling therapeutic 
conditions of the thermal therapy apparatus in accord- 
ance with size/position information of the heating region 
arranged by the operating means. 
[0017] Also, a thermal therapy apparatus of the 
present invention has the following arrangement. 
[0018] A thermal therapy apparatus comprises 
energy Irradiation means to be inserted into a human 
body to irradiate a diseased part with energy, approxi- 
mating means for approximating the shape of the dis- 
eased part on the basis of shape data of the diseased 
part, setting means for setting a non-heating region in 
the shape approximated by the approximating means, 
allocating means for allocating heating regions, to be 
heated by the energy from the energy irradiation 
means, in a target heating region except for the non- 
heating region set by the setting means, such that the 
heating regions are substantially uniformly arranged, 
and display means for displaying a figure indicating the 
diseased part shape approximated by the approximat- 
ing means, the heating regions allocated by the allocat- 
ing means, and the non-heating region set by the 
setting means. 

[0019] Desirably, a plurality of identifiers corre- 
sponding to thermal therapeutic conditions of the ther- 
mal therapy apparatus are stored, and the allocating 
means selects an optimum identifier from the plurality of 



identifiers, and an^nges the heating region by arranging 
the selected identifier in the figure. 
[0020] The thermal therapy apparatus desirably fur- 
ther comprises setting means for setting a non>heating 
5 region in the figure indicating the diseased part shape. 
[0021] The irradiation angle and the number of 
times of inadiation of the energy are desirably deter- 
mined in accordance with the arrangement of the heat- 
ing region. 

10 [0022] Furthenmore, a thermal therapy apparatus of 
the present invention has the following arrangement. 
[0023] A medical heating apparatus for performing 
thermal therapy by inadiating a vital tissue with energy, 
comprises Image acquiring means for acquiring an 

15 image signal of a diseased part as an object of the ther- 
mal therapy, signal analyzing means for analyzing the 
image signal acquired by the image acquiring means, 
setting means for setting therapeutic conditions for per- 
forming the thermal therapy on the basis of analytical 

20 information obtained by the signal analyzing means, 
and irradiation means for inradiating the diseased part 
with energy. 

[0024] In the present invention, the therapeutic con- 
ditions preferably include at least the energy output 
25 intensity and the irradiation time. 

[0025] Desirably, the energy is transmitted in a 
catheter and concentrated on a desired portion in a 
human body while the position is changed in the cathe- 
ter. 

30 [0026] The energy is preferably a laser beam. 

[0027] Other features and advantages of the 
present invention wilt be apparent from the following 
description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 

35 the same or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The accompanying drawings, whk:h are 
4o incorporated in and constitute a part of the specification, 
illustrate embodiments of the invention and, together 
with the description, serve to explain the principles of 
the invention. 

45 Fig. 1 is a block diagram showing the arrangement 
of a medical laser inradiation apparatus (thermal 
therapy apparatus) of this embodiment; 
Rg. 2 is a sectional view for explaining the structure 
of a housing; 

50 Rg. 3 is a view for explaining an arm for displacing 
a reflecting portion and the reflecting portion; 
Rg. 4 is a view for explaining displacement of the 
reflecting portion; 

Rg. 5 is a view for explaining an exahriple use of a 
55 laser inadiation catheter of this embodiment; 

Rg. 6 is a flow chart showing a laser irradiation 
process by a medical laser irradiation apparatus of 
the first embodiment d^the present invention; 
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Rg. 7 is a flow chart showing a heating region set- 
ting process in step S5 of Fig. 6; 
Rg. 8 is a view showing a display example when a 
heating region according to the first embodiment is 
set; 5 
Rg. 9 IS a view for explaining a settable position of 
a pallet; 

Rg. 1 0 is a view showing irradiation conditions cor- 
responding to different pallets; 

Rg. 11 is a flow chart for explaining a heating proc- io 
ess using a medicai laser irradiation apparatus of 
the second embodiment of the present invention; 
Rgs, 1 2A and 12B are a block diagram showing the 
arrangement of the medical laser irradiation appa- 
ratus off the second embodiment of the present is 
invention and a view for explaining a rotational 
angle setting device, respecth/ety; 
Rg. 1 3 is a view showing a display example of irra- 
diation conditions of a heating region correspond- 
ing to a certain pallet; 20 
Rg. 14 is a display example of irradiation states of 
heating regions corresponding to different pallets; 
Rg. 1 5 is a view for explaining a heating region set- 
ting process of another embodiment; 
Rg. 1 6 is a flow chart showing a process of deter- 2s 
mining the number of times of heating and a heat- 
ing position by a medical laser irradiation apparatus 
of the third embodiment of the present invention; 
Rg. 17 Is a view showing a display example in 
which a diseased part is approximated to a circle; 30 
Rg. 18 is a view showing a display example in 
which a non-heating region is set in the diseased 
part approximated to a circle in Rg. 1 7; 
Rgs. 1 9A and 1 9B are views for explaining a region 
to be heated by laser irradiation; 35 
Rg. 20 is a view showing a display example in 
which a heating region is set by substantially 
equally dividing a heating region of a diseased part; 
Rg. 21 is a flow chart for explaining a heating proc- 
ess using a medical laser irradiation apparatus of 40 
the fourth embodiment of the present invention; 
Rg. 22 IS a view for explaining laser irradiation con- 
ditions according to the third embodiment of the 
present invention; 

Rg. 23 is a block diagram showing the arrangement 45 
of a medical laser irradiation apparatus according 
to the fifth embodiment of the present invention; 
Rg. 24 is a perspective view showing the external 
appearance of a catheter of this embodiment; 
Rgs. 25A to 25F are views for explaining images of so 
a prostate sensed by an ultrasonic probe in the fifth 
embodiment of the present invention; 
Rg. 26 Is a view showing a three-dimensional 
model of a prostate based on an ultrasonic signal; 
Rg. 27 IS a block diagram showing the arrangement 55 
of a medical laser irradiation apparatus according 
to the sixth embodiment of the present invention; 
Rg. 28 IS a block diagram showing the arrangement 
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of a medical laser irradiation apparatus according 
to the seventh embodiment of the present inven* 
tion; 

Rg. 29 is a sectional view of a housing for explain- 
ing an ultrasonic vibrator as a modification to the 
seventh embodiment; 

Rg. 30 is a sectional view of a housing for explain- 
ing an ultrasonic vibrator as another modification to 
the seventh embodiment; 

Rg. 31 is a sectional view of a housing for explain- 
ing an ultrasonic vibrator as still another modifica- 
tion to the seventh embodiment; 
Rg. 32 is a flow chart for explaining a laser irradia- 
tion process using the medical laser irradiation 
apparatuses according to the fifth to seventh 
embodiments of the present invention; and 
Rg. 33 IS a view for explaining therapeutic condi- 
tions according to this embodiment. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0029] Illustrative embodiments of the present 
invention will be described below with reference to the 
accompanying drawings. 

[0030] Fig. 1 is a block diagram showing the 
an^ngement of a medical laser in^diation apparatus 10 
as one example of a thermal therapy apparatus accord- 
ing to this embodiment. 

[0031] Referring to Rg. 1 , this medical laser irradia- 
tion apparatus 1 0 has a side-emission-type laser irradi- 
ation catheter 1 for in^diating a vital tissue with a laser 
beam. That is, a main body 1 10 as a long insertion por- 
tion of the laser irradiation catheter 1 of this medical 
laser irradiation apparatus 10 is inserted into a human 
body. A reflecting portion 111 contained in this main 
body 1 10 reflects the laser beam to irradiate a vital tis- 
sue 20. For example, this medical laser irradiation appa- 
ratus 10 is used to treat BPH: benign prostatic 
hyperplasia or to heat or cauterize or cut tumors such as 
various cancers. 

[0032] Fig. 2 is a sectional view of a housing 1 12 of 
the laser irradiation catheter. Rg. 3 is a view for explain- 
ing the shapes of an arm 116 and the reflecting portion 
111. 

[0033] In Figs. 1 to 3, the laser irradiation catheter 1 
includes the long main body 110, the reflecting portion 
111 for reflecting a laser beam, output by a laser beam 
generator 2 and propagating in an optical fiber 1 1 8, and 
performing irradiation of this laser beam into the human 
body 20, and the housing 1 12 containing the reflecting 
portion 1 1 1 and connected to the end portion of the 
nr^in body 110. The anm 1 1 6 is connected to the reflect- 
ing portion 111 to support this reflecting portion 111 in 
the housing 112. By moving this arm 116 in the axial 
direction of the main body 110, the reflecting portion 
1 11 IS moved in the axial direction. This reflecting por- 
tion 1 1 1 has a smooth reflecting surface 127 formed on 
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one surface of the reflecting portion 1 1 1 to reflect a 
laser beam propagating in the optical fiber 118. 
[0034] The housing 112 is a hard tubular member 
having a window 115 for laser beam irradiation and is 
covered with a cover member 1 1 3 which transmits a 
laser beam. To change the irradiation angle of the 
reflecting portion 111, this housing 112 has inner walls 
in which a pair of grooves 132 are formed which engage 
with projections 133 (Fig. 3) fomied on the two sides of 
the reflecting portion ill. The grooves 132 thus func- 
tioning as guides for the reflecting portion 111 are 
formed on the two sides of the inner walls with the 
reflecting portion 1 1 1 being sandwiched between them. 
These grooves 132 are non-parallel to the axial direc- 
tion of the main body 1 10, i.e., inclined to the axial direc- 
tion of the main body 1 1 0. The distal end portion of the 
housing 1 12 is sealed with a cap 1 14. 
[0035] The optical fiber 118 as a light guiding 
means for guiding a laser beam is placed Inside the 
main body 110. This optical fiber 118 functions as an 
energy transmitting member. Note that a lens can also 
be fomned at the tip of this optical fiber 118. When this is 
the case, this tip lens is an optical element for collimat- 
ing a laser beam. The optical fiber 1 1 8 transmits a laser 
beam generated by the laser beam generator 2. 
[0036] The laser irradiation catheter 1 further has a 
detachable, obliquely viewing type endoscope 180 (Fig. 
2). This endoscope 180 is inserted from the proximal 
end portion to the distal end portion of the laser irradia- 
tion catheter 1 . An optical fiber of the endoscope 1 80 for 
illuminating light imadiation also has a function of guide 
light irradiation. Accordingly, it is possible to observe a 
surface layer to be irradiated with a laser beam, position 
the housing 112 based on the endoscopic observation, 
and visually confirm the irradiation position of a laser 
beam. 

[0037] Rg. 3 is a perspective view for explaining the 
structures of the reflecting portion 1 1 1 and the amri 1 1 6 
of the laser irradiation catheter 1 . 
[0038] The arm 116 supports the reflecting portion 
1 1 1 by branching into left- and right-hand portions in the 
housing 1 12. Hence, this arm 116 does not prevent the 
surface of the reflecting portion 1 1 1 from being irradi- 
ated with a laser beam. A support portion 128 Is fonmed 
on one edge of the reflecting portion 111, and the pair of 
projections 133 are formed on the other edge. The sup- 
port portion 128 is attached to the arm 1 1 6 so as to be 
freely rotatable. Therefore, this support portion 128 can 
rotate in accordance with changes In the irradiation 
angle of the reflecting portion 111. 
[0039] The ami 116 is connected to a driving unit 
1 50 placed in the proximal end portion of the laser irra- 
diation catheter 1. Note that this driving unit 150 can 
also be placed outside the laser In^diation catheter 1 to 
connect the arm 116 to the driving unit 160 via a drive 
shaft. As this drive shaft, a metal wire or the like can be 
used. 

[0040] The driving unit 150 is connected to a motor 



188 to which electric power is supplied from a driving 
unit power supply 3 via a cable 1 89. On the basts of a 
control signal from a CPU 6, the driving unit power sup- 
ply 3 supplies electric power at a predetermined voltage 

5 or cun^ent to the motor 1 88 and thereby rotate the motor 
188. Examples of the motor 188 are an induction motor, 
servo motor, and stepping motor. 
[0041] The driving unit 150 moves the reflecting 
portion 1 1 1 back and forth in the axial direction of the 

10 main body 1 1 0. The driving unit power supply 3, the 
motor 188, and the driving unit 150 constitute a moving 
means for moving the reflecting portion 1 1 1 in the axial 
direction of the main body 110. On the basis of the 
cooperation of the arm 1 1 6 and the grooves 1 32, the 

75 reflecting portion 111 changes its inclination angle in 
accordance with the position in the axial direction. 
[0042] Rg. 4 is a view for explaining the relationship 
between the movement of the reflecting portion 111 and 
the laser beam irradiation direction. 

20 [0043] As shown in Fig. 4, the distance between the 
arm 116 and the grooves 1 32 not parallel to the arm 116 
in a position P2 is shorter than that in a position PI . 
Accordingly, when the support portion 1 28 of the reflect- 
ing portion 111 moves from the position PI to the posi- 

25 tion P2, the projections 133 of the reflecting portion 127 
slide along the grooves 132 to adjust the Inclination 
angle of the reflecting portion 111. That is, the inclina- 
tion angle of the reflecting portion 1 1 1 with respect to 
the axis of the main body 110 decreases. Likewise, 

30 when tiie support portion 128 of the reflecting portion 
1 1 1 moves from the position P2 to a position P3, the 
inclination angle of the reflecting portion 111 with 
respect to the axis of the main body 110 further 
decreases. Meanwhile, in these positions PI to P3 the 

as laser beam reflected by the reflecting portion 111 con- 
centrates on a target point 40 in a target portion 30 
which is a lesion portion, i.e., a portion to be heated. 
[0044] That is, only the target point 40 Is continu- 
ously irradiated with the laser beam, and other tissues 

40 such as the surface layer are intermittently irradiated. 
Therefore, the target point 40 Is heated by the laser 
beam to reach a desired temperature. On the other 
hand, other tissues such as the surface layer are hardly 
heated because the laser beam irradiation time per pre- 

45 determined area is short and hence the amount of gen- 
erated heat is small. Note that the laser irradiation 
catheter 1 is applicable to lesion portions having compli- 
cated shapes by properly designing the relationship 
between the arm 116 parallel to the axial direction of the 

50 main body 110 and the grooves 132 not parallel to the 
axial direction, or the shape of the grooves 132. For 
example, the grooves 132 need not be straight grooves 
but can be curved grooves. 

[0045] Referring back to Fig. 1, a coolant supply 
55 unit 4 circulates, in the main twdy 1 1 0, a coolant for 
suppressing the generation of heat in the housing 112 
by a laser beam via an injection tube 1 85 and a dis- 
charge tube 186. A display unit 7 is a CRT or a liquid 
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crystal display. A controller 1 1 includes the CPU 6 such 
as a microprocessor, a memory 9 storing programs to 
be executed by the CPU 6 and various data, and an 
operation unit 8 including, e.g., a keyboard, a pointing 
device, and diverse switches. 

[0046] Fig. 5 is a sectional view for explaining an 
application of the laser inadiation catheter 1 . The distal 
end portion of the main body 11 0 is inserted into a body 
cavity 22 of a human body. The housing 112 which 
accommodates the reflecting portion 1 1 1 is brought Into 
tight contact with a surface layer 21 near the target por- 
tion 30 as a lesion portion, i.e., a portion to be heated. It 
is desirable to directly confirm the position of the hous< 
ing 112 by the endoscope 180. Note that the position of 
the target point 40 in the longitudinal direction of the 
main body 110 is adjusted by moving the whole laser 
irradiation catheter 1 in the longitudinal direction of the 
main body 1 1 0, Also, the position of the target point 40 
in the circumferential direction of the main body 110 can 
be adjusted by manually or automatically rotating the 
entire laser irradiation catheter 1. During laser beam 
irradiation, the reflecting portion 1 1 1 is moved back and 
forth in the axial direction, while its angle is changed at 
a period of 0.1 to 10 Hz, preferably 1 to 6 Hz. Although 
the optical path of the laser beam Is thus continuously 
changed, the laser beam so irradiates that all optical 
paths cross each other at the target point 40. Conse- 
quently. the target point 40 and its vicinity are heated by 
the irradiated laser beam to reach a predetermined tern* 
perature. In this manner, only the temperature in the 
desired portion 30 can be raised while a temperature 
rise in the surface layer 21 is suppressed. 
[0047] Note that the laser beam is preferably diver- 
gent light, parallel light, or convergent light. An optical 
system which collimates a laser beam into convergent 
light can also be placed midway along the optical path 
of the laser beam. The laser beam used is not particu- 
larly limited as long as the beam Is capable of reaching 
a deep part in a human body. The wavelength is prefer- 
ably 750 to 1 .300 nm, or 1 ,600 to 1 ,800 nm. For exam- 
ple, a gas laser such as an He-Ne laser, a solid laser 
such as an Nd-YAG laser, and a semiconductor laser 
such as a GaAlAs laser can be applied to the laser 
beam generator 2 for generating a laser beam having 
the al3ove wavelength. 

[0048] Also, the diameter of the Insertion portion of 
the laser irradiation catheter 1 , i.e., the outer diameter of 
the main body 1 1 0 is not particuiariy restricted, provided 
that the diameter allows insertion into the body cavity 
22. However, the outer diameter of the main body 1 10 is 
preferably about 2 to 20 mm, and more preferably. 3 to 
8 mm. 

[First Embodiment] 

[0049] The characteristic features of a medical 
laser inradiation apparatus 10 according to the ftrst 
embodiment will be described below. This medk:al laser 
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irradiation apparatus 1 0 is a laser inradiation apparatus 
by which a main body 110 is inserted into a urethra to 
In^diate a prostate around the urethra with a laser 
beam, thereby treating BPH: benign prostatic hyperpla- 

5 sia. 

[0050] Fig. 6 is a flow chart showing a laser beam 
irradiation control process by the medical laser irradia- 
tion apparatus of this embodiment. A control program 
for executing this process is stored in a memory 9 of a 

10 controller 1 1 and executed under the control of a CPU 6. 
[0051] In step SI, the position and size of a dis- 
eased part to be treated are input from an operation unit 
8. That is, on the basis of diagnostic data such as 
transurethral ultrasonic diagnosis, transabdominal uttra- 

15 sonic diagnosis, transrectal ultrasonic diagnosis, MRI, 
and X-ray CT, three-dimensional lengths x, y, and z of 
the diseased part are measured, and an operator man- 
ually inputs the measurement results from the operation 
unit 8. It is . also possible to directly input an image 

20 sensed by the ultrasonic diagnostic apparatus and auto- 
matically measure and input the position and size of the 
diseased part. When the position/size information of the 
diseased part is thus input, the flow advances to step S2 
to display a three-dimensional image of the diseased 

25 part on the basis of the input position/size information. 
[0052] Fig. 8 is a view showing a display example 
on a display unit 7. Reference numeral 83 denotes a 
stereoscopic display example of a prostate. By using a 
cursor key 84 displayed on the screen, the position of a 

30 slice 86 of this stereoscopic image can be nnoved back 
and forth in a directk>n substantially perpendteular to a 
virtual urethra 87. A sectional shape cut by this slice 86 
is displayed as indicated by 81 (step S3). Reference 
numeral 87 denotes a virtual urethra when the main 

35 body 1 1 0 is inserted; 80, a patient ID input/display area; 
94, a laser irradiation condition display area; and 95, an 
area for displaying irradiation angles (to be described 
later) corresponding to different templates. 
[0053] The flow then advances to step 34 to set 

4o non-heating regions (not to k^e irradiated with a laser 
beam) in this sectional shape 81. The non-heating 
regions include a preservation region around the ure- 
thra 87, a preservation region near the perimeter of the 
prostate, and a region 90 for protecting vasa deferentia 

45 positioned below the prostate. These non-heating 
regions can be designated by drugging using a mouse 
cursor or the like. Also, the thicknesses of the preserva- 
tion regions around the urethra and near the perimeter 
of the prostate can be set by numerical values input 

50 from a keyboard or the like. 

[0054] In step S5, a region in the sectional shape 81 
except for the non-heating regions designated in step 
S4 is set as a target heating region 91 , and a heating 
region to be actually heated is set in this target heating 

55 region 91. 

[0055] As shown in Rg. 1 , a region heated by irradi- 
ation with a laser beam in a human body 20 has a fan 
shape spreading outward when viewed from a laser 
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beam source. This is so because a laser beam propa- 
gating in a human body diffuses in the body and circu- 
lating cooling water has a cooling effect The size of this 
tan shape is changed in accordance with the energy. 
Irradiation time, and the like of a laser beam. Accord- 
ingly, as indicated by a pallet 82 In Fig. 8, various fan- 
shaped heating range identifiers (A) to (C) (to be 
referred to as templates hereinafter) are prepared. By 
placing each template in the target heating region of the 
sectional shape 81 by drugging as indicated by 85, the 
heating policy for this target heating region can be 
dcicmiined or simulated. Assume that the memory 9 
prestores information such as the irradiation energy, the 
irradiation time, the flow rate and temperature of cooling 
water, and the moving velocity of a reflecting portion in 
one-to-one correspondence with these templates of 
various sizes. 

[0056] Details of this heating region setting process 
In step S5 are shown in a flow chart of Fig, 7. 
£0057] Refemng to Fig. 7, in step S51. one of the 
templates A to C in the pallet 82 is selected. Subse- 
quently, as shown in Fig. 9. in accordance with this 
selected template, virtual lines 93 for positioning a high- 
est-temperature point, i.e., a heat center of this template 
are displayed (S52). The selected template is moved to 
the target heating region 91 by drugging using the 
mouse or the like (S53). Consequently, as indicated by 
81 in Fig. 8, the drugged template is positioned on the 
virtual lines 93, and a narrow portion (the pivot of the 
fan) of this template is pointed in the direction of the ure- 
thra 87. 

[0058] In step S55. whether the template placed 
duplicates other templates already set is checked. If 
YES in step S55, error display is performed in step S57. 
If NO in step S56. the designated template is settled in 
the set position. In step S58, infomnation indicating 
whether the template setting process Is completed is 
displayed. If the process is completed, this flow is termi- 
nated. If the process is not completed, the flow returns 
to step 851 to reexecute the above process. In this man- 
ner, the operator properly selects a template from the 
templates A, B, and C (large, medium, and small) and 
places it in the target heating region 91 such that this 
target heating region 91 is entirely heated appropriately. 
Furthermore, the operator repeatedly adjusts the posi- 
tions of already set templates until a desired three- 
dimensional arrangement is obtained. When the 
desired arrangement is finally obtained, the operator 
terminates the process. 

[0059] The flow then advances to step S6 in Fig. 6 
to set heating conditions. Instep S7, themnal therapy is 
perfomied by laser beam irradiation in accordance with 
the set conditions. 

[0060] Fig. 1 0 is a view showing set conditions such 
as laser in-adiation conditions and a coolant corre- 
sponding to each of the templates A to C in the pallet 82 
of Fig. 8. These set conditions can also be prestored in 
the memory 9. When one of templates 101 to 105 



arranged in the target heating region 91 is chosen (Rg, 
8) after the process shown in the flow chart of Fig. 7 is 
completed (after the desired arrangement is finally set- 
tled), the display unit 7 displays laser irradiation condi- 
5 tlons 94 (con^spondlng to Figs. 10 and 13) 
corresponding to the template. 

[0061 ] Referring to Rg. 1 0. "LASER POWER" is the 
generation power (W) of a laser beam generated by a 
laser beam generator 2. "IRRADIATION TIME" is the 

10 laser beam Irradiation time (sec). "COOLANT FLOW 
RATE" is the flow rate (ml/min) of a coolant supplied 
from a coolant supply unit 4. "DRIVING VELOCITY" is 
the velocity at which a reflecting portion 1 1 1 described 
previously is moved back and forth, and its unit is (round 

15 trips/sec). In addition, the temperature of the coolant 
and the like can also be included. 

[Second Embodiment] 

20 [0062] The second embodiment in which a laser 
Irradiation apparatus is operated on the basis of a heat- 
ing region and a non-heating region 90 obtained in the 
above first embodiment will be described below. 
[0063] An operator causes this laser irradiation 

25 apparatus to detect a center yO (a substantially bisect- 
ing angle of the non-heating region 90) of the angle of 
the non-heating region 90. Subsequently, the operator 
inserts an endoscope 180 into a catheter to confirm an 
operation field and confirm the central angle yO of the 

30 non-heating region 90 (Fig. 8). The operator then resets 
an azimuth sensor 1200 (Rgs. 12A and 12B) to be 
described later to detect an angle of 0*. 
[0064] A display unit 7 displays templates 101 to 
105 (Fig. 8), the non-heating region 90, a diseased part 

35 (prostate) central preservation region (near a urethra), a 
diseased part (prostate) perimeter preservation region, 
an irradiation angle, and irradiation conditions 94 corre- 
sponding to a selected template. The in^diation angle Is 
an angle formed by lines connecting the center yO, the 

4o pivot of the fan (tennplate), and the heat center. 

[0065] The angle of the catheter in the direction of 
the irradiation angle is changed automatically or manu- 
ally, and laser beam irradiation is performed (S7 in Rg. 
6). The operator can also adjust the irradiation condi- 

45 tions 94 in accordance with his or her taste. 

[0066] Fig. 1 1 is a flow chart for explaining a laser 
irradiation process including operations by an operator. 
[0067] In step S21. the operator causes this laser 
irradiation apparatus 1 0 to detect the central angle yO of 

50 the non-heating region 90 obtained in the first embodi- 
ment The operator inserts the endoscope 180 into a 
main body 1 1 0 of a catheter 1 to confirm an operation 
field, and resets the azimuth sensor 1200 (Rgs. 12A 
and 1 2B) for sensing the angle of the catheter 1 to 0^. In 

55 step S22, the templates 101 to 105 arranged as 
explained in Rg. 8 are displayed, and the operator first 
selects the template 101 by using a cursor. Conse- 
quently, the display unit 7 displays the irradiation condi- 
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tlons 94 and an irradiation angle 95 con-esponding to 
the template 101. The flow advances to step S23 to 
rotate the main body 110 of the catheter through this 
Irradiation angle in order to heat a region indicated by 
the first template 101. This rotation can be manually 
done by the operator. Alternatively, when the apparatus 
includes a catheter rotating device 1 201 to be described 
later with reference to Figs. 1 2A and 1 2B, the main body 
1 10 can be automatically rotated in accordance with the 
rotational angle by this rotating device 1201 . When the 
irradiation position of a laser beam is thus accurately 
positioned on the template 101, the flow advances to 
step S24, and a laser beam generator 2 generates a 
laser beam. This laser beam irradiates a human body 
20 while a reflecting portion 111 is moved as described 
earlier. The operator can also adjust the irradiation con- 
ditions 94 before the irradiation. When the irradiation of 
the laser beam by the template is completed. i.e., when 
the thermal therapy is completed, the flow advances to 
step S25 to check whether all regions corresponding to 
the templates 101 to 105 are completely thermally 
treated. If NO in step S25, the flow returns to step S23 
to select the next template and execute the above proc- 
ess. If heating regions corresponding to all templates 
are completely heated, the process is completed. 
[0068] Fig. 12A is a block diagram showing the 
arrangement of a laser irradiation apparatus 1 0a capa- 
ble of automatically rotating the catheter 1 in accord- 
ance with the set position of a template. 
[0069] Rg. 12B is a view for explaining an angle 
setting device for manually setting the rotational angle 
of the main body 1 10 of the catheter, as a modification 
to the second embodiment. Note that Fig. 12A shows 
only characteristic portions of this second embodiment, 
so the laser beam generator 2, the driving unit power 
supply 3, and the coolant supply unit 4 shown in Fig. 1 
described earlier are not illustrated. 
[0070] In Rg. 12A, reference numeral 1201 denotes 
a catheter angle rotating device. In accordance with an 
instruction from a controller 1 1 , this catheter angle rotat- 
ing device 1201 can change the rotational angle of the 
catheter to the designated angle. A rotational angle 
detector 1202 detects the rotational angle of the cathe- 
ter main body 110 on the basis of an azimuth angle 
sensed by the azimuth sensor 1 200. 
[0071] Rg. 12B shows a rotational angle setting unit 
inserted between a driving unit 150 and the main body 
1 1 0 of the catheter 1 . The position of an angle set scale 
121 1 pointed by an arrow 1210 indicates a currently set 
rotational angle of the catheter 1. In the example shown 
in Rg. 128, this angle is 270°. 

[0072] The endoscope 180 used In this embodi- 
ment has a sighting device. When a reset reference line 
at 0° is aligned with substantially the center of the non- 
heating region 90 and the azimuth sensor 1200 is reset 
in this state, substantially the center of this non-heating 
region 90 \s set as an angle of 0®. 
[0073] In the above second embodiment, in step 
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S24 of the flow chart in Fig. 1 1 , the display unit 7 can 
also display a currently irradiated heating region corre- 
sponding to a template in a distinguishable manner. 
Furthermore, the number of times of heating or a cur- 

5 rent operation such as "heating preparations', "heat- 
ing", or "heating complete" can be displayed. 
[0074] Fig. 13 is a view showing a display example 
of a window for displaying the laser irradiation state and 
the set states of a coolant and the like when a laser 

10 beam is irradiated to a heating region corresponding to 
each template. Referring to Fig. 13. parameters when a 
portion indteated by the template 102 In Rg. 8 is irradi- 
ated with a laser are displayed by numerical values or 
graphs. The individual display units in Fig. 13 corre- 

15 spond to the laser beam generation power (W), the 
coolant flow rate (ml/min), and the laser beam irradia- 
tion time (time: sec) in Fig. 10 and the temperature of 
the colloant (°C). In addition, the driving velocity (round 
tr'ips/sec) shown in Fig. 10 can also be displayed. 

20 [0075] Rg. 14 is a view showing status display 
examples respectively corresponding to the templates 
101 to 105 shown in Rg. 8. Reference numeral 220 
denotes a bar graph indicating the passing time; 221 , an 
indication of irradiation completion; and 222, an indica- 

25 tion that the region is currently being irradiated with a 
laser. That is, the irradiation time is set for each tem- 
plate, and the whole irradiation time is indicated by a bar 
graph. A portion 225 indicating the elapsed part of the 
irradiation time is displayed in different color or bright- 

30 ness. Accordingly, Rg. 14 shows that a region conre- 
sponding to the template 101 is completely irradiated, a 
region corresponding to the template 102 is currently 
being irradiated with a laser, and approximately 1/6 the 
entire region is completely irradiated. Also, it is readily 

35 understandable from Rg. 1 4 that regions corresponding 
to the templates 1 03, 1 04 and 1 05 have not been irradi- 
ated with a laser yet. Note that this window can also be 
displayed instead of the angle display 95, or in another 
area, on the screen of the display unit 7 shown in Rg. 8. 

40 [0076] As described above, an accurate therapeutic 
policy can be simulated or determined by arranging 
templates without imposing a burden on a patient Fur- 
thermore, the second embodiment can accurately per- 
form thermal therapy on a diseased part by controlling 

45 the rotational angle of the catheter or the irradiation of a 
laser beam either automatically or manually, thereby 
preventing duplication of laser irradiation regions or the 
formation of a region unirradiated with a laser. 
[0077] In the previous embodiments, heating 

so regions are set in a target heating region by arranging 
templates. However, the present invention is not 
restricted to these embodiments. For example, as 
shown in Fig. 1 5. the central heating point can be desig- 
nated in a displayed sectional area 1501 by using a 

55 mouse cursor 1500 to display a heating range 1502 
(necrotic range) in the tissue. The size of this necrotic 
range is calculated in accordance with a conditional 
expression contained in the controller 1 1 , e.g., a condi- 
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tional expression obtained from clinical data. 
[Third Embodiment] 

[0078] The characteristic features of a medical 
laser irradiation apparatus according to the third 
embodiment will be described below. This medical laser 
irradiation apparatus is a medical laser Irradiation appa- 
ratus 10, explained with reference to Rgs. 1 to 5. by 
which a main body 1 1 0 is inserted into a urethra to per- 
form irradiation of a laser beam Into a prostate around 
the urethra, thereby treating BPH; t>enign prostatic 
hyperplasia. 

[0079] Fig. 1 6 is a flow chart showing a process of 
calculating an irradiation position In the medical laser 
in^diation apparatus 10 of the third embodiment. A con- 
trol program for executing this process is stored in a 
memory 9 of a controller 1 1 and executed under the 
control of a CPU 6. 

[0080] in step S31 , the size of a diseased part to be 
treated is input from an operation unit 8. That is. on the 
basis of diagnostic data such as transurethral ultrasonic 
diagnosis, transabdominal ultrasonic diagnosis, tran- 
srectal ultrasonic diagnosis. MRI. and X-ray CT. three- 
dimensional lengths x, y. and z of the diseased part are 
measured, and an operator manually inputs the meas- 
urement results from the operation unit 8. It is also pos- 
sible to directly input an image sensed by any of these 
methods and automatically measure and input the posi- 
tion and size of the diseased part When the posi- 
tion/size information of the diseased part is thus input, 
the flow advances to step S32 to calculate the volume of 
the diseased part on the basis of the position/size infor- 
mation. In step S33. the calculated diseased part vol- 
ume is approximated to a sphere, and a sectional 
(circular) shape having the largest area of the sphere Is 
obtained. This shape is displayed on a display unit 7 
(step S34). 

[0081 ] In step S35, the operator designates a range 
within which no irradiation with a laser beam is per- 
formed. That is, as shown in Fig. 17, a non-heating 
range 72 for protecting vasa deferentia (not shown) 
positioned below a urethra 71 is designated. Fig. 1 7 is a 
view showing an example of the circular data displayed 
on the display unit 7 in step S34. This non-heating 
range can be designated by a pointing device using a 
mouse cursor or the like displayed on the display unit 7. 
Alternatively, on the basis of the displayed shape, the 
position, size, and angle y can be input from a keyboard 
or the like. 

[0082] The flow then advances to step S36 to des- 
ignate a central preservation region 73 near the urethra 
71 and a perimeter preservation region 74 of the pros- 
tate. These preservation regions 73 and 74 and the 
non-heating region 72 described above are displayed 
on the display unit 7 (Rg. 18). Reference numeral 75 
denotes a target heating region. 
[0083] In step S37, whether the target heating 
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region 75 set in step S36 can be heated is checked. A 
range to be heated by irradiation with a laser beam has 
a shape close to a fan as shown in Rg. 1 9A or 1 9B. i.e., 
has a shape spreading into the shape of a fan having an 

5 angle x and a length Lx when viewed from the irradia- 
tion side of a laser beam. This therapeutic condition 
(heating range) is determined by the laser irradiation 
conditions, the set conditions of a coolant, and the set 
conditions of the driving velocity. Rgs. 19A and 19B 

10 show two therapeutic conditions (heating ranges). 

[0084] Rg. 22 is a view showing laser irradiation 
conditions and coolant set conditions respectively (A 
and B) conresponding to the heating range identifiers (to 
be refen-ed to as identifiers hereinafter) shown in Rgs. 

15 19A and 19B. These set conditions are stored in the 
memory 9 of the controller 11, and therapeutic condi- 
tions corresponding to a selected heating range are dis- 
played on the display unit 7. 

[0085] Referring to Fig. 22, "LASER POWER" is the 

20 generation output (W) of a laser beam generated by a 
laser beam generator 2. "IRRADIATION TIME" is the 
laser beam inadiation time (sec). "COOLAISJT FLOW 
RATE" is the flow rate (ml/min) of a coolant supplied 
from a coolant supply unit 4. "DRIVING VELOCITY" is 

25 the velocity at which a reflecting portion 1 1 1 described 
previously is moved back and forth, and its unit is (round 
trips/sec). In addition, the temperature of the coolant 
and the like can also be included. 
[0086] As shown in Fig. 18, letting Ly shows the 

30 depth of the target heating region 75, this target heating 
region 75 can be heated if the minimum length Lx (Rg. 
19) of an identifier satisfies Lx ^ Ly. If not, either the 
central preservation region 73 or the perimeter preser- 
vation region 74 is heated by a laser beam, so it is 

35 detemnined that this shape cannot be heated. In this 
case, the flow advances to step S38 to display "NG", 
indicating that heating Is impossible, on the display unit 
7. 

[0087] On the other hand, if Lx s Ly is met and 

40 heating is possible, the flow advances to step S39, and 
an optimum identifier is chosen in accordance with the 
size of the heating region. Instep S40, the number F of 
times of heating is calculated from the selected identi- 
fier. This F can be calculated by F = (360 - y)/x . If this 

45 (360 - y)/x is divisible, the number of times of heating is 
F= (F-1) [times]. If (360 - y)/x is indivisible, the figures 
below the decimal point are omitted. 
[0088] Subsequentiy, the flow advances to step S41 
to obtain a heating position. Since it is desirable that the 

50 heating region 75 be divided as uniformly as possible 
before being irradiated with a laser beam, a uniform 
angle R of the heating region is first obtained. This 
angle can be calculated by R = (360 - y)/F . As shown 
in Fig. 20, laser irradiation ranges are uniformly 

55 arranged in the heating region 75 on the basis of this 
uniform angle R, The result is displayed on the display 
unit 7. Accordingly, the operator can easily discriminate 
the number of times of heating and the heating position 
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(angle). 

[0089] In this third embodiment as described 
above, the number of heating times and the heating 
position can be automatically obtained by designating a 
non-heating region. 

[Fourth Embodiment] 

[0090] The fourth embodiment in which a laser inra- 
diaiion apparatus is operated on the basis of the heating 
region, non-heating region, unifomn angle, and the like 
obtained in the above third embodinnent will be 
described below. 

[0091] As described above with reference to Figs. 
19A and 19B. an operator causes this laser irradiation 
appamtus to detect a center yO of the angle of a non- 
heating region 72. Subsequently, the operator inserts 
an endoscope 180 into a catheter to confirm an opera- 
tion field and the central angle yO of the non-heating 
region 72. and resets an azimuth sensor 1200 (above- 
mentioned) to confirm an angle of 0**. 
[0092] The operator then causes a display unit 7 to 
display heating ranges W1 to W4 (Rg. 20) when the 
central angle yO is 0"*. a uniform angle R, the non-heat- 
ing region 72. a diseased part central preservation 
region 73, a diseased part perimeter preservation 
region 74, and the number F of times of heating. 
[0093] The operator presses a button to choose 
whether the diseased part is to be automatically or man- 
ually heated, changes the angle of the catheter in the 
direction of the angle R either automatically or manually, 
and in'adiates a laser beam. The operator can also 
readjust the irradiation conditions in accordance with his 
or her taste. 

[0094] Rg. 21 is a flow chart for explaining a laser 
irradiation process including operations by an operator 
according to the fourth embodiment of the present 
invention. 

[0095] In step S41, an operator causes this laser 
Irradiation apparatus to detect the central angle yO of 
the non-heating region 72 obtained in the abovemen- 
tioned third embodiment. The operator inserts the endo- 
scope 180 into the catheter to confirm an operation 
field, and resets the azimuth sensor 1200 (Fig. 19A) for 
sensing the angle of the catheter to 0^. The flow 
advances to step S42 to display the number F of heating 
times, the rotational angle R, and the heating regions 
W1 to W4 obtained in the third embodiment on the dis- 
play unit 7. In step S43, in accordance with this rota- 
tional angle R. the catheter is rotated the angle R (e.g.. 
45') to heat the first heating region W1. This rotation 
can be done manually by the operator. Alternatively, 
when the apparatus includes a catheter angle rotating 
device 1201 described previously with reference to 
Rgs. 19A and 19B, the catheter can also be automati- 
cally rotated in accordance with the rotational angle by 
this rotating device 1 201 . When a laser beam irradiation 
position is thus accurately positioned in the heating 
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region W1 , in step S44 a laser generator 2 generates a 
laser beam, and this laser beam irradiates a human 
body 20 while a reflecting portion 111 is moved as 
described previously. When this heating region is com- 

5 pletely irradiated with the laser beam, i.e., completely 
heated, the flow advances to step S45 to reduce the 
number F of times of heating by -1 . In step S46, whether 
F = 0 is checked. If NO in step S46, the flow retums to 
step S43, and the catheter is rotated this time ^3S'^ to 

10 heat the next heating region W2. When the number F of 
times of heating = 0 and the heating regions W1 to W4 
are completely heated, this process is completed. 
[0096] When heating is performed at a uniform 
angle like this, information indicating that heating is 

15 impossible is displayed if the same position is to be 
again heated. 

[0097] In this fourth embodiment as described 
above, optimum heating positions and an optimum 
number of times of heating of a diseased part can be 

20 obtained from the rotational angle R and the number F 
of times of heating obtained in the third embodiment 
described eariier. The diseased part can be heated by 
controlling the rotational angle of the catheter or the irra- 
diation of a laser beam either automatically or manually 

25 in accordance with the obtained heating positions and 
number of times of heating. 

[0098] In the above fourth embodiment, in step S44 
of the flow chart in Rg. 21 . a heating region cun-ently 
being irradiated can also be displayed in a distinguisha- 
30 ble manner on the display unit 7. Furthemnore, the 
number of times of heating and a current operation such 
as "heating preparations", "heating", or "heating com- 
plete" can be displayed. 

[0099] Also, as described above, if a certain heating 
35 region is to be again heated, 'heating is impossible" can 
be displayed on the display unit 7. 
[0100] Note that the endoscope 180 used in this 
embodiment has a sighting device. When a reset refer- 
ence line at 0** is aligned with almost the center of the 
40 non-heating region 72 and the azimuth sensor 1200 is 
reset in this state, almost the central angle of this non- 
heating region 72 is set as 0°. 

[Fifth Embodiment] 

45 

[0101] Fig. 23 is a block diagram showing the 
arrangement of a medical heating apparatus 10c 
according to the fifth embodiment of the present inven- 
tion. The same reference numerals as in Fig. 1 denote 

so the same parts in Rg. 23. 

[0102] Referring to Rg. 23. this medical heating 
apparatus 10c has a side-emission-type laser irradia- 
tion catheter 1 for irradiating a vital tissue with a laser 
beam. A main body 110 as a long insertion portion of 

55 the laser irradiation catheter 1 of this medical heating 
apparatus 1 0 is inserted into a human body. A reflecting 
portion 1 1 1 installed in this main body 110 inradiates a 
vital tissue 20 with a laser beam. For example, this med- 



10 



BNSOOCIO: <EP I075853A2 I > 



19 



EP 1 075 853 A2 



20 



ical heating apparatus 10 is used to treat BPH; benign 
prostatic hyperplasia or tumors such as various can- 
cers. The construction of this laser inradiation catheter 1 
will be described later with reference to Fig. 24. Refer- 
ence numeral 2 denotes a laser beam generator for 
generating a laser beam; 3, a driving power supply for 
driving a motor 1 88; 4, a pump for supplying a coolant 
for cooling the catheter 1 into the catheter 1 ; 5, a tem- 
perature controller for controlling the temperature of the 
coolant in accordance with an instruction from a control- 
ler 11; 7, a display unit such as a CRT or a liquid crystal 
display; and 8, an operation unit including a keyboard 
and a pointing device such as a mouse. The controller 
1 1 includes a CPU 6 such as a microprocessor and a 
memory 9 storing programs executed by the CPU 6 and 
various data. A signal analyzer 1 2 analyzes an image 
signal of a diseased part or the like of a human body 
obtained on the basis of an ultrasonic signal detected by 
an ultrasonic probe 14, and obtains the size and shape 
of the diseased part A resistance value measuring 
device 192 reads the resistance value of a potentiome- 
ter 1 91 to detect the rotational angle of the catheter 1 . 
[0103] Fig. 24 is a perspective view showing the 
external appearance of the laser in-adiation catheter 1 
according to this embodiment The same reference 
numerals as in Fig. 23 denote the same parts in Fig. 24» 
and these parts will be described later. Note that the 
potentiometer 1 91 is for detecting the rotational angle of 
the catheter 1 , and detects a relative angle from an ini- 
tial value. This allows an operator to confirm the irradia- 
tion direction of a laser beam in a plane perpendicular to 
the axial direction of the main body 1 10. Note that this 
catheter 1 is also applicable to the previous embodi- 
ments. 

[0104] In this apparatus, operations of a housing 
1 12, an arm 116, and the reflecting portion 1 1 1 of the 
laser irradiation catheter 1 are the same as in the 
embodiment explained with reference to Figs. 2 to 5, so 
a detailed description thereof will be omitted. 
[0105] To thermally treat a prostatic disease by 
laser Irradiation as described above, it is necessary to 
previously obtain information pertaining to the shape of 
the prostate. Therefore, the ultrasonic probe 14 capable 
of radial scan is inserted into a urethra near the prostate 
to obtain its shape. In this apparatus, when the ultra- 
sonic probe 14 is inserted into the urethra, the display 
unit 7 displays a two-dimensional ultrasonic image of a 
slice of the prostate. 

[0106] Rgs. 25A to 25F are views showing the 
insertion positions of the ultrasonic probe 14 and tomo- 
graphic images, corresponding to these insertion posi- 
tions, displayed on the display unit 7. In each of Rgs. 
25A to 25F, reference numeral 31 denotes a urinary 
bladder; 32, a urethral sphincter; 33, a prostate; and 34, 
a urethra, 

[0107] Fig. 25A shows an ultrasonic image 33a 
when the ultrasonic probe 14 is inserted to a deepest 
portion 250 of the urethra 34 as shown in Rg. 25B. Rg. 



25C shows an ultrasonic image 33b when the ultrasonic 
probe 14 is inserted to an almost a center 251 of the 
prostate 33 as shown in Rg. 250. Rg. 25E shows an 
uttrasonk: image 33c when the ultrasonic probe 14 is 

5 inserted to a front portion 252 of the prostate 33. The 
signal analyzer 12 discriminates the shape of the cross 
section of the prostate 33 from the difference in the 
brightness or contrast of the ultrasonk: image of the 
prostate obtained by the ultrasonic probe 1 4. The signal 

10 analyzer 1 2 analyzes a length LI in the vertical direction 
and a length L2 in the horizontal direction of the slice of 
the prostate 33, preferably the cross-sectional shape of 
the prostate 33 at each insertion positk>n, i.e., each 
measurement position (L3), and displays the results on 

75 the display unit 7. This allows an operator to understand 
the size, preferably the shape of the slice of the prostate 
33 at the desired measurement position (L3). 
[0108] The length LI in the vertical direction and 
the length L2 in the horizontal direction of the slice of the 

2o prostate 33, preferably the cross-sectional shape of the 
prostate 33 can also be manually measured by using 
the operation unit 8. Also, the measurement position L3 
can be obtained by measurement using a scale (not 
shown) fomned on the ultrasonic probe to indicate the 

25 insertion depth. However, the measurement position L3 
can also be obtained by attaching to the ultrasonk: 
probe 14 a displacement sensor for sensing the inser- 
tion amount into a body cavity and receiving and analyz- 
ing a signal from this displacement sensor by the signal 

30 analyzer 12 or the like. By obtaining this measurement 
position L3, it is possible to confirm on an ultrasonic 
image the distance from a measurement position at 
which the boundary between the urinary bladder 31 and 
the prostate 33 appears to a measurement position at 

35 which the boundary between the prostate 33 and the 
urethral sphincter 32 appears. Consequently, informa- 
tion indicating the length in the direction of the urethra of 
the prostate 33 can be displayed on the display unit 7. 
[0109] Rg. 26 is a view showing an example of a 

40 three-dimensional model, representing the shape of the 
prostate 33, formed on the basis of the relationship 
between the tomographic images shown in Figs. 25A, 
25C, and 25E and the con-esponding measurement 
position (L3). The analysis of such an image signal is 

45 also performed by the signal analyzer 1 2. 

[0110] The signal analyzer 12 need only numeri- 
cally analyze the length L1 in the vertical direction and 
the length L2 in the horizontal direction of the sfice of the 
prostate 33 and the length in the direction of the urethra 

50 of the prostate 33 and display the results on the display 
unit 7. However, the signal analyzer 1 2 preferably forms 
a three-dimensional figure approximated to an elliptic 
sphere, on the basis of the length LI in the vertical 
direction and the length L2 in the horizontal direction of 

55 the slice of the prostate 33 and the length (L3) in the 
direction of the urethra of the prostate 33, and graphi- 
cally displays the figure on the display unit 7. Also, by 
using computer software for constructing a three- 
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dimensional image, which can be installed in the signal 
analyzer 1 2. slices of the prostate 33 at different meas- 
urement positions (L3) can be overlapped to form a 
more accurate three-dimensional image of the prostate 
33. This three-dimensional image can also be manually 
fomned using the operation unit 8. Note that the ultra- 
sonic probe 14 can be inserted into the urethra 34 as 
described above and can also be inserted into a rectum. 
Note also that although this probe 14 can have a long 
shape, it can also have a flat shape or a curved shape 
pushed against the abdomen near the prostate. 
[0111] Furthermore, although the scan scheme of 
the ultrasonic probe 14 is radial scan, it is also possible 
to perfomri scan in sector and linear directions to obtain 
and display the shapes of a slice of the prostate almost 
perpendicular to the urethra and a longitudinal section 
of the prostate almost parallel to the urethra. 

[Sixth Embodiment] 

[0112] Fig. 27 is a block diagram showing the 
arrangement of a medical heating apparatus according 
to the sixth embodiment of the present invention. The 
same reference numerals as in the abovementioned 
arrangement denote the same parts in Fig. 27, and a 
detailed description thereof will be omitted. This sixth 
embodiment is characterized in that an ultrasonic probe 
1 4 is inserted into a main body 1 1 0 of a laser irradiation 
catheter 1 a. When the diameter of the ultrasonic probe 
141s thus small, it can also be Inserted through a lumen 
formed in the laser irradiation catheter la. 
[0113] In the above fifth embodiment, the shape of 
a diseased part must be previously measured by insert- 
ing the ultrasonic probe 14 into a urethra or a rectum. In 
this sixth embodiment, however, the shape of a dis- 
eased part can be measured simultaneously with inser- 
tion of the catheter la for laser irradiation. This can 
reduce the burden on a patient 

[0114] Although the scan scheme of the ultrasonic 
probe 14 is radial scan, it is also possible to perform 
scan in sector and linear directions to obtain and display 
the shapes of a cross section of a prostate almost per- 
pendicular to the urethra and a longitudinal section of 
the prostate almost parallel to the urethra. 

[Seventh Embodiment] 

[0115] Rg. 28 is a block diagram showing the 
arrangement of a medical laser irradiation apparatus 
according to the seventh embodiment of the present 
invention. The same reference numerals as in the 
abovementioned arrangement denote the same parts in 
Fig. 28, and a detailed description thereof will be omit- 
ted. 

[0116] In this apparatus, an ultrasonic vibrator 121 
is attached to a portion corresponding to the cap 114 
(Figs. 1 , 23, and 27) at the distal end portion of a hous- 
ing 112. The shape of a diseased part is measured on 
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the basis of an ultrasonic wave radiated from this ultra- 
sonte vibrator 1 21 . The rest of the arrangement is basi- 
cally the same as the abovementioned arrangement, so 
a detailed description thereof will be omitted. 

5 [0117] Figs. 29 to 31 show modifications of this 
ultrasonic vibrator 121 . In Figs. 29 to 31 . the same refer- 
ence numerals as in the an^ngement (Fig. 2) of the pre- 
viously described embodiment denote the same parts, 
so a detailed description thereof will be omitted. 

10 [0118] Rg. 29 is a sectional view showing an 
anrangement in which a plurality of ultrasonte vibrators 
121 are arranged around the end portion of the housing 
112. By electronically scanning these ultrasonic vibra- 
tors 121, ultrasonic scan can be performed in the entire 

15 circumferential direction of the housing 1 12. 

[0119] Fig. 30 is a sectional view showing an 
anrangement in which an ultrasonic wave radiated from 
an ultrasonic vibrator 122 is reflected by a mirror 123 
and radiated into a human body. This min-or 123 is 

20 rotated by rotating a rotating shaft 126 by a driving unit 
1 50 and transmitting the rotation to the rotating shaft of 
the mirror 123 via gears 125 and 124. Consequently, 
ultrasonic scan can be performed in the whole circum- 
ferential direction of the housing 112. 

25 [0120] Rg. 31 is a sectional view showing an 
an^ngement in which an ultrasonic vibrator 122 is 
rotated to irradiate an ultrasonic wave in the whole cir- 
cumferential direction of the housing 112. Also in this 
anrangement, the ultrasonk: vibrator 122 is rotated by 

30 rotating a rotating shaft 126 fc)y a driving unit 150 and 
transmitting the rotation to the rotating shaft of the ultra- 
sonic vibrator 122 via gears 125 and 124. As a conse- 
quence, ultrasonic scan can be performed in the entire 
circumferential direction of the housing 1 12. 

35 [0121] Rg. 32 is a flow chart showing a laser irradi- 
ation process, based on an image sensing signal, per- 
formed by a controller 1 1 according to each of the above 
embodiments. Assume that an ultrasonic probe 14 is 
separated from a catheter 1 as shown in, e.g., Rg. 23. 

4o [0122] In step S61, image data of a diseased part 
(e.g., a prostate) which is image-sensed on the basis of 
an ultrasonic signal from the ultrasonic probe 1 4 is input 
and analyzed by a signal analyzer 12. On the basis of 
the analytical result, a three-dimensional model (Fig. 

45 26) of the diseased part is fomried (step S62). This 
three-dimensional model is displayed on a display unit 7 
(step S63). The signal analyzer 12 executes the proce- 
dure up to this point 

[0123] The flow then advances to step S64. In the 
50 case of thermal therapy of a prostate, for example, a 
urethra and its vicinity in the prostate, the perimeter and 
Its vicinity of the prostate, and a portion along a vas def- 
erence are set as non-heating regions (not to be InBdi- 
ated with a laser beam) in the shape of the diseased 
55 part, and the rest is set as a target heating region (to be 
irradiated with a laser beam). Whether the volume of 
this target heating region is smaller than a predeter- 
nnined value is checked. If the volume is smaller than 
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the predetermined value, in step S73 no laser irradiation 
to this target heating region is performed in order to pre- 
vent damage to the periphery of the prostate. 
[0124] If the volume of the target heating portion is 
not smaller than the predetermined value in step S64, 5 
the flow advances to step S65 to check whether the vol- 
ume of the target heating region is larger than a thresh- 
old value. If YES in step S65, the flow advances to step 
S66 to set laser beam irradiation conditions (to be 
described later) at maximum values. If NO In step S65. w 
the flow advances to step S67, and therapeutic condi- 
tions based on experimental values or the like are set in 
accordance with the volume of the target heating 
region. 

[0125] In step S68, the display unit 7 displays (step is 
S68) the therapeutic conditions set in step S66 or S67. 
In step S69, whether designation to change the thera- 
peutic conditions is input from an operation unit 8 is 
checked. If a change of the therapeutic conditions is 
designated and a con-ection value Is Input from the 20 
operation unit 8 in step S70, the display unit 7 displays 
the therapeutic conditions changed and corrected in 
accordance with the connection value. 
[0126] If no change is designated in step S69 or if 
correction designation is completed, the operator 25 
inserts tiie catheter 1 into the urethra and positions a 
laser irradiating portion (window 1 15) to the prostate by 
using an endoscope 180. Also, the operator resets the 
rotational angle of the catheter 1 measured by a poten- 
tiometer 191 to an initial value. The flow advances to 30 
step S71 to check whether a laser in^diation switch on 
the operation unit 8 is turned on. If the switch is turned 
on, the flow advances to step S72 to perfomn therapy by 
laser irradiation while the inadiation of a laser, the flow 
rate of a coolant, and the like are controlled in accord- 35 
ance with the currently set therapeutic conditions. As 
described previously, during the therapy a reflecting 
portion 111 in the housing 1 12 reflects the laser beam 
as it is moved back and forth in accordance with the 
therapeutic conditions. In this manner, the reflecting 40 
portion 1 1 1 irradiates the laser beam such that the laser 
beam concentrates on a desired position in a human 
body while preventing damage to the surface layer of 
the human body. 

[0127] As a therapeutic condition not automatically 45 
set on the basis of analytical information of an image 
signal, a general therapeutic condition value in the ther- 
mal therapy is used. Note that a model formed in step 
S62 is not limited to a three-dimensional model but can 
be a two-dimensional model of a diseased part or a so 
model including information which specifies the shape 
of a diseased part. e.g.. the length, weight, volume, den- 
sity, or blood flow rate of the diseased part. 
[0128] In step S66 or S67. the heating conditions 
can also be set by using templates, as explained in the ss 
first to fourth embodiments described earlier. 
[0129] Rg. 33 is a view for explaining parameter 
examples according to the seventh embodiment of the 



present invention. 

[0130] The parameters include, e.g., the insentity 
(laser power) (unit W) of a laser beam generated by the 
laser beam generator 2. the irradiation time (sec) of the 
laser beam, the flow rate (ml/min) of a coolant, and the 
moving velocity (round trips/sec) of the reflecting unit 
1 1 1 . In addition, tiie temperature of the coolant and the 
like can also be included. 

[0131] To be able to analyze image diagnostic infor- 
mation obtained by an image diagnosing apparatus not 
Included in the laser Irradiation apparatus of this 
embodiment, an image input terminal can be installed 
in, e.g., the signal analyzer 12. Examples of the image 
diagnostic apparatus are apparatuses using an endo- 
scope, an ultrasonic wave, MRI (Magnetic Resonance 
Imaging), CT (Computed Tomography) using X-rays or 
magnetic resonance, PET (Positron Emission Tomogra- 
phy), and SPECT (Single Photon Emission Computed 
Tomography). 

[0132] The embodiments explained above are not 
described to limit the present invention but can be mod- 
ified within the technical thought of the present inven- 
tion. Also, in the above explanation the individual 
embodiments have been independentiy described. 
However, the present invention also includes any arbi- 
trary combination of the arrangements of these embod- 
iments. For example, it is possible to obtain the shape of 
a diseased part by using an ultrasonic probe in the fifth 
to seventh embodiments and arrange templates as 
described in the first embodiment on the basis of this 
shape. It is also possible to set heating regions by auto- 
matically arranging templates on the basis of the shape 
as in the third embodiment. 

[01 33] Additionally, energy to be Irradiated toward a 
vital tissue has been described by taking a laser beam 
as an example. However, the present invention also 
includes a mk:rowave, radio wave, ultrasonic wave, and 
the like. 

[0134] Furthermore, a vital tissue to be thermally 
treated has been explained by taking a prostate as an 
example. However, the present invention includes all 
vital tissues, such as a blood vessel, a digestive tract 
(e.g., an esophagus and intestines), and an abdominal 
cavity, which can be thermally treated by irradiating 
energy from inside a human body or from the body sur- 
face. 

[0135] The thermal therapy apparatus of the 
present invention is preferably applied to thermal ther- 
apy of a prostata disease such as BPH; benign pros- 
tatic hyperplasia or a prostatic cancer, by which only the 
interior of a prostate is themnally treated while damage 
by heat to normal tissues such as a urethra and a rec- 
tum present near the prostate is reduced. 
[0136] The present invention is not limited to the 
atjove embodiments and various changes and modifica- 
tions can be made within the spirit and scope of the 
present invention. Therefore, to apprise the pubGc of the 
scope of the present Invention, the following claims are 
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made. 
Claims 

1. A themriat therapy apparatus for treating a vital tis- 
sue by irradiating the tissue with energy, compris- 
ing: 

display means tor displaying a figure indicating 
the shape of a diseased part to be heated on 
the basis of information concerning the dis- 
eased part; 

operating means for arranging a heating region 
in the figure indicating the diseased part shape 
displayed on said display means; and 
control means for controlling therapeutic condi- 
tions of said themnal therapy apparatus in 
accordance with size/position information of 
the heating region arranged by said operating 
means. 

2. The apparatus according to claim 1, wherein 

a plurality of identifiers corresponding to thera- 
peutic conditions of said thermal therapy appa- 
ratus are stored, and 

said operating means arranges the heating 
region by arranging a selected identifier in the 
figure. 

3. The apparatus according to claim 1 , wherein said 
operating means arranges the heating region in 
accordance with a position designated in the figure 
indicating the diseased part shape and a predeter- 
mined conditional expression based on the posi- 
tion. 

4. The apparatus according to claim 1 , further com- 
prising setting means for setting a non-heating 
region in the figure indicating the diseased part 
shape. 

5. The apparatus according to claim 1 , further com- 
prising: 

an energy generator for generating the energy; 
transmitting means for transmitting the energy 
generated by said energy generator into a 
catheter; and 

energy concentrating means for concentrating 
the energy transmitted by said transmitting 
means on a desired portion in a human body 
by reflecting the energy while changing a posi- 
tion in said catheter. 

6. The apparatus according to claim 1, wherein the 
therapeutic conditions include at least an energy 
intensity and an irradiation time. 
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7. The apparatus according to claim 1 . wherein said 
therapeutic conditions include at least one of an 
energy intensity, an irradiation time, a velocity at 
which the position is changed in said catheter, and 
the flow rate and temperature of a coolant for cool- 
ing an energy irradiation. 

8. The apparatus according to claim 1 , wherein the 
energy is a laser beam. 

9. A thermal therapy apparatus comprising: 

energy in*adiation means to be inserted into a 
humein body to irradiate a diseased part with 
energy; 

approximating means for approximating the 
shape of the diseased part on the basis of 
shape data of the diseased part; 
setting means for setting a non-heating region 
in the shape approximated by said approximat- 
ing means; 

allocating means for allocating heating regions, 
to be heated by the energy from said energy 
irradiation means, in a target heating region 
except for the non-heating region set by said 
setting means, such that the heating regions 
are sut)stantially uniformly arranged; and 
display means for displaying a figure indicating 
the diseased part shape approximated by said 
approximating means, the heating regions allo- 
cated by said allocating means, and the non- 
- heating region set by said setting means. 

10. The apparatus according to claim 9, wherein 

a plurality of identifiers con-esponding to ther- 
mal therapeutic conditions of said thermal ther- 
apy apparatus are stored, and 
said allocating means selects an optimum 
Identifier from said plurality of identifiers, and 
arranges the heating region by arranging the 
selected Identifier in the figure. 

11. The apparatus according to claim 9, further com- 
prising: 

determining means for determining control 
information of said energy irradiation means on 
the basis of the heating regions allocated by 
said allocating means; and 
control means for controlling said energy irradi- 
ation means in accordance with the control 
information detemnined by said determining 
means. 

12. The apparatus according to claim 9, wherein the 
control information includes at least information 
conceming the irradiation angle and the number of 



14 



BNSOCCIO: <EP 10756S3A2J_> 



27 EP 1 075 853 A2 28 

times of irradiation of the energy. means. 



13. The apparatus according to daim 9, further com- 
prising rotational angle control means for control- 
ling the rotational angle of a catheter in accordance 5 
with the control infonrnation. 

14. The apparatus according to claim 9, further com- 
prising selecting means for selecting one of auto- 
matic heating and manual heating of the diseased io 
part In accordance with the control Infonrnation 
determined by said detenmining means. 

15. The apparatus according to claim 9, wherein said 
energy irradiation means comprises: is 

an energy generator for generating the energy; 
transmitting means for transmitting the energy 
generated by said energy generator into a 
catheter; and 20 
energy concentrating means for concentrating 
the energy transmitted by said transmitting 
means on a desired portion in a human body 
by reflecting the energy while changing a posi- 
tion in said catheter. 25 

16. The apparatus according to claim 9, wherein the 
energy is a laser beam. 

1 7. A medical heating apparatus for performing themrial 30 
therapy by irradiating a vital tissue with energy, 
comprising: 

image acquiring means for acquiring an image 
signal of a diseased part as an object of the 3S 
thermal therapy; 

signal analyzing means for analyzing the 
image signal acquired by said image acquiring 
means; 

setting means for setting therapeutic conditions 40 
for perfomning the thermal therapy on the basis 
of analytical information obtained by said signal 
analyzing means; and 

irradiation means for irradiating the diseased 
part with energy. 45 

18. The apparatus according to claim 17, wherein the 
analytical information includes information for spec- 
ifying the shape of the diseased part. 

50 

19. The apparatus according to claim 17. wherein said 
irradiation means comprises a long insertion por- 
tion which can be inserted into a human body and 
irradiates the diseased part with energy from an 
irradiation portion installed in said insertion portion, ss 

20. The apparatus according to daim 19, wherein said 
insertion portion contains said image acquiring 



21. The apparatus according to claim 19, wherein said 
insertion portion has a lumen into which said image 
acquiring means can be inserted. 

22. The apparatus according to claim 1 7, wherein said 
image acquiring means acquires the image signal 
on the basis of an ultrasonic wave transmitted and 
received by an ultrasonic vibrator. 

23. The apparatus according to claim 19, further com- 
prising cooling means for cooling said irradiation 
portion and an energy irradiation surface and its 
vicinity of the vital tissue. 

24. The apparatus according to claim 1 9, further com- 
prising: 

moving means for moving the position of said 
irradiation portion in a longitudinal direction of 
said insertion portion; and 
interioci<ing means for changing the irradiation 
angle of energy irradiating the diseased part in 
accordance with the movement in the longitudi- 
nal direction of said insertion portion. 

25. The apparatus according to claim 17, wherein said 
irradiation means perfomns irradiation of a laser 
beam as energy. 

26. The apparatus according to claim 17, wherein the 
therapeutic conditions include not less than one 
item selected from the group consisting of the 
number of times of irradiation of the energy, the irra- 
diation direction of the energy, the intensity of the 
energy, the irradiation time of the energy, the tem- 
perature of a coolant when the coolant is used, the 
flow rate of the coolant when the coolant is sup- 
plied, and the moving velocity of said irradiation 
portion for performing irradiation of energy when 
said irradiation portion is moved. 

27. The apparatus according to claim 1 7, further com- 
prising means for inhibiting the thermal therapy 
when the analytical information is smaller than a 
preset minimum value. 

28. The apparatus according to claim 1 7, further com- 
prising means for setting preset maximum thera- 
peutic conditions as therapeutic conditions when 
the analytical information is larger than a preset 
maximum value. 

29. The apparatus according to claim 17, further com- 
prising control means for performing the thermal 
therapy by controlling, in accordance with the ther- 
apeutic conditions se^y said setting means, said 



15 



BNSDCXID: <EP 1 075e53A2_l_> 



29 

irradiation means and at least one item selected 
from the group consisting of the number of irradia- 
tion times of the energy, the irradiation direction of 
the energy, the intensity of the energy, the inadia- 
tion time of the energy, the temperature of a coolant 
when the coolant is used, the flow rate of the coot- 
ant when the coolant is supplied, and the moving 
velocity of said inradiation portion for performing 
irradiation of energy when said irradiation portion is 
moved. 

30. The apparatus according to claim 17, wherein 



30 

33. The apparatus according to claim 32, wherein 

a plurality of Identifiers corresponding to ther- 
mal therapeutic conditions of said thermal ther- 
5 apy apparatus are stored, and 

said allocating means selects an optimum 
identifier from said plurality of Identifiers, and 
arranges the heating region by arranging the 
selected identifier in the figure. 

10 

34. The apparatus according to claim 32, further com- 
prising: 
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a plurality of identifiers corresponding to thera- 
peutic conditions of said thermal therapy appa- is 
ratus are stored, 

said thermal therapy apparatus further com- 
prises: 

display means for displaying a figure indicating 
the shape of a diseased part to be heated on 20 
the basis of information pertaining to the dis- 
eased part; and 

operating means for arranging a heating region 
in the figure indicating the diseased part shape 
displayed on said display means. 25 
said operating means arranging the heating 
region by arranging a selected identifier in the 
figure. 

31. The apparatus according to claim 30, wherein said 30 
operating means arranges the heating region in 
accordance with a position designated in the figure 
indicating the diseased part shape and a predeter- 
mined conditional expression based on the posi- 
tion. 35 

32. The apparatus according to claim 1 7, further com- 
prising: 

approximating means for approximating the 40 
shape of the diseased part on the basis of the 
image signal acquired by said acquiring 
means; 

setting means for setting a non-heating region 

in the shape approximated by said approximat- 45 

ing means; 

allocating means for allocating heating regions, 
to be heated by energy from said irradiation 
means, in a target heating region except for the 
non-heating region set by said setting means, so 
such that the heating regions are substantially 
uniformly arranged; and 
display means for displaying a figure indicating 
the diseased part shape approximated by said 
approximating means, the heating regions alio- ss 
cated by said allocating means, and the non- 
heating region set by said setting means. 



determining means for determining control 
information of said Irradiation means on the 
basis of the heating regions allocated by said 
allocating means; and 

control means for controlling said irradiation 
means in accordance with the control informa- 
tion determined by said determining means. 

35. The apparatus according to claim 34, wherein the 
control information includes at least infomriation 
concerning the irradiation angle and the number of 
times of irradiation of the energy. 

36. The apparatus according to claim 34, further com- 
prising rotational angle control means for control- 
ling the rotational angle of a catheter in accordance 
with the control information. 

37. The apparatus according to claim 34, further com- 
prising selecting means for selecting one of auto- 
matic heating and manual heating of the diseased 
part in accordance with the control information 
determined by said determining means. 

38. The apparatus according to claim 17, wherein said 
irradiation means comprises: 

an energy generator for generating energy; 
transmitting means for transmitting the energy 
generated by said energy generator into a 
catheter; and 

energy concentrating means for concentrating 
the energy transmitted by said transmitting 
means on a desired portion in a human body 
by reflecting the energy while changing a posi- 
tion in said catheter. 
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